tion catalytically destroy O3 in the stratosphere (Ctutzen, 1976) . The amount of N,O emitted from corn systems ranges from 1.3 (Mosier and Hutchinson, 1981) to 2% of applied N (Duxbury and McConnaughey, 1986 ).
The total amount of N,O emitted globally from fertilized soils is estimated to be 1.5 Tg N20-N yr-' (Seiler and Conrad, 1987) .
One strategy to limit N20 emissions from fertilized fields is to use different N sources (Breitenbeck et al., r 1980; Dwbury and McConnaughey, 1986) . A few field studies have evaluated the use of nitrification inhibitors to reduce N20 losses from soils (Aulakh et al., 1984; Magalhaes et al., 1984) . Nitrification inhibitors can slow NH, oxidation to NO3, and thereby limit loss of N,O during nitrification and reduce NzO emissions resulting from denitrification of NO3 (Auu a k h et al., 1984) . Acetylene, which inhibits nitrification in soils at partial pressures of 0.1 to 10 Pa, is often introduced into soil in field studies at high concentrations (Le., = I kPa) to measure total denitrification by the acetylene-block method (blockage of the reduction of N,O to N,, Ryden et al., 1979; Rolston et al., 1982; Duxbury and McConnaughey, 1986) . Encapsulated CaC, (Banejee and Mosier, 1989) has been used as a slow-release source of C,H2 to inhibit I ,
I ,
161 nitrification and reduce N20 and N, emissions in flooded rice (Olyza sativa L.) (MohanIy and Mosier, 1990; Banejee et al., 1990; Bronson and Mosier, 1991) .
No studies have been conducted where low levels Of GH, have been used to inhibit nitrification and thereby reduce gaseous N losses in upland crops such as corn.
In a 2-yr field study, we evaluated the efficacy of the nitrification inhibitors ECC and nitrapyrin in reducing N,O emissions from irrigated corn. IANUARY-FEBRUARY 1992 to 16 h from 1 to 9 DAF, and for 3-h periods in the morning from 10 Io 38 DAF. Dinitrogen and N,O were determined on these samples by isotope ratio mass spectrometry (Mosier et al., 1986) on a VG -Micromass 903 (VG micromass Ltd., VG Isogas, Middlewich, England).
MATERIALS AND METHODS
To determine if ECC or nitrapyrin adversely affect CO, emissions from soil and rwts, in 1989 the headspace samples were also analyzed for CO, by GC (Bronson and Mosier, 1991) . Acetylene produced by ECC in the soil was monitored by using two 3-mL gas samples taken from probes placed 15 cm deep in the plots that received 40 kg ECC ha-' in 1989, and from all the ECC-treated plots in 1990. Acetylene concentration of soil gas was measured by GC (Bronson and Mosier, 1991) .
At 2, 4, 6, and 9 wk after fertilization, soil samples were taken to a depth of 25 cm from two furrows of each plot.
Fresh soils were extracted with 2 M KCI and the extracts were steam distilled with MgO and Devardas' alloy for NH, and NO, (Bremner, 1965) . Soil moisfure was determined gravimetrically on an oven-dry basis.
Fluxes of N,O and CO, were calculated using the non- Cumulative flux for the growing season was calculated for each plot by linearly interpolating data points and integrating the area by Simpson's Rule with the MathCad mathematics program (Mathsoft, 1987) . Gas-flux data were subject to analysis of variance for each date and for the end-of-season cumulative flux by using the General Linear Models procedure in the Statistical Analysis System framework (SAS Institute, 1985) . Distributions were checked fo? normality (P = 0.05) using the Shapiro-Wilk statistic (Shapiro and Wilk, 1965) . If the normality assumption was not met, then treatment means were separated using analysis of variance of the ranks of each treatment (ranked by replicate) [P = 0.05) (Conover, 1980) .
RESULTS AND DISCUSSION
Year 1 Acetylene concentrations produced in the soil in Year 1 reached 1990 pL L-I in the first 2 wk after fertilization ( Fig. la) . Acetylene was detected for 45 DAF at the 1 to 10 pL L-I level. High levels of GH, at the onset were undesirable, which meant that the coatings on the ECC were not as effective as was required. Soil gas concentrations of G H , of 5 to 0 pL L-' would be ideal for inhibiting nitrification (Berg et al. 1982) . In laboratory incubations (data not shown), The high level of GH, produced in the ECC-treated plots apparently blocked the N20-to-N2 reduction step of denitrification (Yoshinari et al., 1977) , resulting in high rates of NzO emission (Le., N 2 0 was the only denitrification product). Laboratory studies (data not shown) indicate that, in Nunn clay loam, maximum .._.. . .. (Mosier and Hutchinson, 1981; Duxbury and McConnaughey, 1986; Myrold, 1988) . Distributions of the gas-flux data were nearly all normal, but the high CVs appeared to limit sensitivity in treatment-means separation only slightly. At 10 DAF, N,O emissions from urea plus ECC declined dramatically, and the N,O flux from urea alone began to increase. Urea alone resulted in higher N,O fluxes than either nitrification-inhibitor treatment between 10 and 60 d (P < 0.01). Nitrous oxide fluxes in urea alone usually increased rapidly and then decreased immediately after irrigation or rainfalls >2 cm. The wetting events probably resulted in limited 0, diffusion in soil and enhanced denitrification (MOsier and Hutchinson, 1981) .
Days after Fertilization
Nitrate-N in the surface 25 cm of soil is shown in Fig. 3a fertilizer addition did not affect C 0 2 concentration in the 75-mm surface of plowed and no-till soils. There emissions. Comfort et al. (1990) also found no effecl of GH2 on C02 concentrations in soil, but they did report an enhancement of N 2 0 flux with nitrapyrin, as did Klemedtsson et al. (1988) . Positive correlations between CO, and N,O fluxes were observed (P < 0.05) on 12 out of the 35 d that gases were sampled. Yoshinari et al. (1977) reported that CO, is produced from the carbohydrates carrying the electrons that reduce NO, to N,O in denitrification. On the other 23 d sampled, CO, from rmt respiration was probably more important than C02 from denitrification.
was generally no effect of ECC or nitrapyrin on CO I
Year 2 Initial acetylene concentrations in soil were much lower than in Year 1 (Fig. lb) however, was much less than the previous year, probably due to lower levels of GH, produced from ECC, and because concentration of NO, in the surface 0 to 25 cm of soil at the time of fertilization was lower (1 compared with 16 mg N kg-I). Nitrous oxide flux with the high rate of ECC alone (data not shown) was not different from the high rate of ECC with urea during the first 6 DAF (P > 0.05). This indicates that N,O emissions from the ECC-treated plots during the first 7 DAF (when GH, production was high) in both years was from residual soil NO, and not from fertilizer N. Urea alone resulted in the highest N,O emissions for most of the growing season, similarly to Year 1; however, the magnitude of the fluxes were less than in Year 1. Nitrous oxide fluxes were highest at 32 DAF, 2 d after the second irrigation. Urea alone resulted in a peak NZO flux of 246 g N ha-' d-', urea plus nitrapyrin emitted 116 g N ha-' d-', and N,O fluxes from the other plots were < 3 g N ha-' d-I (the three groups are significantly different at P = 0.01). A hailstorm and 40 mm of rain fell on 32 DAF (anthesis), stripping most of the corn leaves. Since the soil was still at field moisture capacity when the storm hit, NO, leaching from the soil surface layer probably occurred. Nitrous oxide emissions declined after the hailstorm and, because no further irrigations were applied, N,O fluxes became insignificant by 62 DAF.
Nitrous oxide fluxes were also correlated with NO,-N in the surface 25 cm (Fig. 3b) during Year 2 (r = 0.38, P < 0.01, n = 75). Ammonium-N concentrations in soil (data not shown) were not correlated with N20 fluxes in Year 2 (r = -0.06, P > 0.05, n = 75). Soil NO, levels were not as high as in Year 1 during the first half of the growing season, probably because the Year 2 site was not fertilized in 1989. Urea-only plots had a maximum of 37 mg NO,-N kg-I at 14 DAF, urea plus nitrapyrin had a maximum of 28 mg NO,-N kg-' at 28 DAF, and the urea-plus-ECC plots did not accumulate more than 8 mg NO,-N kg-' during the first 6 wk after fertilization. An additional 20 mg NO,-N kg-' accumulated in the ECC- treated plots between 42 and 62 DAF, the hail-damaged corn was not taking up much mineral N since NO, levels on urea-plus-nitrapyrin and urea-alone plots did not decline significantly during this time. Dinitrogen plus N,O emissions from the highly labeled I5N microplots were observed in the first 9 DAF, and between 31 and 38 DAF (i.e., after the first and second irrigations) using the I5N technique (Mosier et al., 1986) (Fig. 4 ; high rate of ECC plus urea is not shown since it was not different than low rate of ECC J N,O emissions equally well (P > 0.05). . . ' ECC, and urea plus 40 kg ha-' ECC, respectively; not different at P = 0.05). Comfort et al. (1990) reported that nitrapyrin addition to slurry did not con- This study shows that the concept of creating low levels of C,H, in soil with ECC to inhibit nitrification shows promise, but that the coating process needs perfecting so that large, initial pulses of GH, are not produced.
oxide flux was positively correlated to NO,-
